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AIISTRACT 



A method of frame synchronization serial data Iransmhwion. 
A transmitting circuit in a data communication apparatus 
converts frame data into serial tin la aittj transmit Uic same, 
and following the serial data, the transmitting cireuil trans- 
mits frame synchronization data varying several limes in the 
interval from an etlge or a clock signal to an edge of the next 
clock signal; a receiving circuit eeceives the frame data and 
detects twice or more variations in the same interval In And 
out Ibe end of the frame data, by receiving Ihe serial data 
from a Signal Hoes, serial data is transmitted whtlo carrying 
out frame synchronisation. 
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TRANSNUTTINC; CIRCUIT AND METHOD 
THItklCOK, RECEIVING CIRCUl l AND MKTHOi) 

thkreop, ani> data communication 
apparatus 

l)AC'lfc(J ROUND 01' I'llU INVENTION 

[0001] I . Weld of the Invention 

| 

[0002] Tbc present invention relates to a transmitting 
circuit and a method for transmitting serial data to a receiv- 
ing circuit, a receiving circuit and a method for receiving 
serial data sent from a transmitting circuil, and a data 
conimunicatioo apparatus comprising said transmitting cir- 
cuil and receiving circuit. 

[0003] 2. DtacripUon or the Related Art 

£0004] Transmission of serial data has been reported in 
numerous literatures. Some of them arc introduced rxdow. 

[0005] Japanese Unexamined Patent Publication (Knkai) 
No.ll-178349 disclosed an invention of a pulse width 
roodulalion control apparatus for transmitting serial data, 

[0006] Japanese Unexamined Patent Publication (Kokai) 
No.ll -145944 disclosed a signal synchronization detection 
circuit fur transmitting serial data. 

[0007] Japanese Unexamined Patent Publication (Kokai) 
Nb.ll-74d$3 disclosed a data communication apparatus and 
a communication method thereof for transmuting serial data. 

[000&] Japanese Unexamined Patent Publication (Kbkai) 
N6-5-268210 and No. 6-2190ft disclosed inventions of serial 
data communication apparatuses. 

[0009] In the related art, frame syrjcnron&aiion during 
transmission of serial data was carried out by methods 
shown in the following (3) to (3). 

[0010] (1) A Signal Hue exclusively for frame synchroni- 
Zaltoo is provioed to transmit a frame synchmmzation 
signal 

[0011] (2) Streams of data are superposed in ono signal 
line by means ofi frequency modulation or phase modulation 
and a frame synchronization signal is simultaneously trans- 
mitted 

[0012] (3) Dai of a specific pattern is used a* a frame 
synchronization Signal. At the time of data transmission Ihc 
code of data is converted to a pattern other than the above 
frame synchronization signal. At the side of signal reception, 
data (or bits) corresponding to ono frame is extracted based 
on tbc frame synchronization signal, and it* data code is 
reversely coEverjcd u> restore the original data. 

[0013] The aboVe method (1) has less signal lines for data 
tansrnission as \l result of the serial transmission, but ii 
needs more signil lines exclusively for frame synchroniza- 
tion because of the intermittently used frame synchroniza- 
tion signals. I 

[0014] The above method (2) ar>d (3) need complicalcd 
circuits for code conversion and reverse conversion as well 
as modulation and demodulation, 

[0015] In the above method (3), the end of a frame is not 
known until the whole serial data (a number of biis) corre- 
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spending to one frame synchronization partem is received 
and compared wiih a predc term i ned pattern, so the lime tor 
receiving one frame is long 

SUMMARY OF Tllli INVENTION 

[00.1 eT) An objeel of the present invention is to provide a 
data communication apparatus of a new con ligura lion able 
to transmit data while carrying out frame synchronization, 
and a transmitting circuit and a method thereof and receiving 
circuit and a method thereof aide to be used in the data 
communication apparatus. 

[0017] In order to achieve the above object, according to 
a tirsi aspect of the present invention, there is provided a 
transmit ling circuit comprising a clock signal transmitting 
circuit for IransTnilling a clock signal through a Jirst signal 
line, a synchronization data generating circuit for generating 
synchronization data which represents a delimiter of serial 
data being IransmiUed of a predetermined unit length, and 
whose value changes two or more dmes in a predetermined 
lime interval associated wiih the clock signal, and a data 
transmitting circuit for superposing the generated synchro- 
nization data on each serial data of the unit length and for 
synchronizing the serial data with the clock signal and 
transmitting the serial dalo through a second signal tine. 

[0018] Preferably, as the synchronization data, the syn- 
chronization data generating circuit generates a set of data 
including inverted data of the last dale of the nmi-lerjgtb 
serial data, and tho last data after the inverted data. 

[0019] Specifically, as the synchronization data, the syn- 
chronization data generating circuit generates data whose 
value changes two or more time* in one cycle of the clock 
signal. 

[0020] Preferably, when serial data synchronized with a 
clock signal is transmitted by the data, transmitting circuit, as 
the synchronization data, the synchronization data generat- 
ing circuit generates data whose value changes two or more 
times in one cycle of the clock signal. 

[0021] Preferably, when the synchronization data is super- 
posed and transmitted by the data transmitting circuit, the 
cycle length of the clock signal is extended, and thereby the 
synchronization data generating circuit generates synchro- 
razaliorj data whose value changes two Or more times in the 
extended cycle of the dock signal, and the clock signal 
transmitting circuit generates the clock signal of an extended 
cycle length when the synch ronization data Is superposed 
and transmitted. 

[0022] Specifically, as the synchronization data, tho syn- 
chro niza I ioo data generating circuit generates daio whose 
value changes two or more times whhin a period in which 
the level of the clock signal is constant, thai is, from a rising 
edge to a next felling edge, or from a falling edge to a next 
rising edge of the clock signal, 

[0023] Preferably, when serial data synchronized with a 
clock signal is transmitted by the data transmitting circuit as 
the synchronization data, the synchronization data generat- 
ing circuit generates data whose value changes two or more 
limes within the period in which the level of the clock signal 
is constant. 

[0024] Preferably, when ibe synchronization data is super- 
posed and transmitted by the data transmitting circuit, the 
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length of a constant level of die clock signal is extended, and 
thereby the synchronization data generating circuit geuor- 
ales synchronic lion dala whose value changes two or more 
limes in the extended period ol a constant level of the clock 
.signal, and the clock .signal trans mil ling circuit generate* the 
clock signal of an extended length of a conslanl level when 
the synchronization dala is superposed and transmitted. 

[0025] Prercrpbly, the transmitting circuit further com- 
prises a parallel-serial converting circuit for converting 
parallel data being transmitted to serial data, wherein the 
synchronization data generating circuit generates synchro- 
nization data representing a delimiter of the converted serial 
data o|' a predetermined anil length, the data transmitting 
circuit transmits the converted serial data. 

[0026] According to a second aspect or uSe pruyscnl inven- 
tion, there is provided a method of transmission comprising 
steps or transmitting a clock signal through a first signal line, 
generating synchronization dala which represents a delim- 
iter of Serial dala being transmitted of a predetermined unit 
length, and whose value changes two or more times in a 
predetermined iimb interval associated with the clock signal, 
and superposing the generated synchronization data on each 
unit-length serial data, synchronizing the serial data with (he 
clock signal and irunsTniuing the serial data tbmugh a 
second signal line. 

[0027] According to a third aspect of the present inven- 
tion, there is provided a receiving circuit comprising a clock 
signal receiving circuit for receiving a clock signal trans- 
milted through} a first signal line, a serial data receiving 
circuit for receiving serial data synchronized with the clock 
signal and transmitted through a second signal line, a 
synchronization data detection circuit tar detecting data 
from the received serial data and using the same as syn- 
chronization data, said data changing its value two or more 
times within a / predetermined period associated with the 
received clock . signal, and a data processing circuit fox 
detecting the predetermined unit length of the received serial 
dala by using the detected synchronization dala as a delim- 
iter. 

£0028] Preferably, the data processing circuit converts the 
received serial 'data of the detected predetermined unit 
length to parallel dala. 

[0029] Preferably, when the synchronization data detec- 
tion circuit detected a set of data including the first received 
serial dala, inverted dala of the first received serial dala after 
that, and again the first received serial data after the inverted 
data, the rovcrtcjd data and further Ibe first data thereafter is 
used as the synchronization data, and Ihe dala processing 
circuit detects d^ita of a predetermined unit length with die 
first data as the' last dala of the received serial data of the 
predetermined unil length. 

[0030] SpeciH^tdly, as Ihe synchronization data, the syn- 
chronization data detection circuit delects dala whose value 
changes two or pjorc rimes to a cycle of the clock signal. 

[0031] Further, specifically, as the synchronization data, 
the synchronization data detection circuit detects data whose 
value changes two or more times within a period in which 
the level of the clock signal is constant, that is, from a rising 
edge to a next foiling edge, or from a falling edge to a next 
rising edge of Ihe clock signal. 



Dec. 20, 200 J 

2 



[0032] According lo a fourth sspcel nf ihe present inven- 
tion, Iborc is provided a method of reception comprising the 
steps or receiving a clock signal Iransmittod through a Hrst 
signal line, receiving serial data synchronized with the clock 
signal and transmitted through a second signal line, detect- 
ing data from the received serial dala as synchronization 
data, said dala changing its value two or more times within 
a predetermined period associated wilb the received clock 
signal, and delecting the predetermined Unit length of the 
received serial data by using the detected synchronization 
dala as a delimiter. 

[0033] According to a fifth aspect of the present invention, 
there is provided a dala communication apparatus compris- 
ing a transmitting circuit including a clock signal transmit- 
ting circuit for transmitting a clock signal through a first 
signal line, a synchronization dale generating circuit for 
generaiing synchronization data whkh represents a delim- 
iter of serial dBla being transmitted or a predetermined urrit 
length* and whose value changes two or more limes in a 
predetermined lime interval associated with the clock sign*], 
and a data transmitting circuit for superposing the generated 
synchronization dala on each serial data or the unit length 
and for synchronizing the serial dala with the clock signal 
and In* ns mitring the serial dala, and a receiving circuit 
including a clock signal receiving circuit Jbr receiving a 
clock signal transmitted through a first signal line, a serial 
data receiving circuit for receiving serial data synchronized 
with the clock signal and transmitted through a second 
signal lice, a synchronization data detection circuit for 
detecting data from the received serial data as synchroniza- 
tion dala, said data changing its value two or more times 
within a predetermined period associated* vrilh the received 
clock signal, and a data processing circuit for detecting the 
predetermined unit length of the received serial dala as a 
dchmitcr of the detected synchro oizalion dala* 

BRIEF DLLSCRIFflON OF THE DRAWINGS 
[0034] These a od other objects and features of the present 
invention will become dearer from the following descrip- 
tion of the preferred embodiments given wilb reference to 
the accompanying drawings, in which: 

[0035] FIG, 1 is a Schematic block diagram of a configu- 
ration of a data communication apparatus according to a first 
embodiment of the present invention; 

[0036] FIG. 2 is a schematic time chart of the data 
communication apparatus shown in FIG. 1; 

[0037] FIG. 3 is a circuit diagram of an embodiment of the 
Iransmission control circuit in FIG- 1; 

[0035] FIG. 4 is a circuit diagram or an embodiment of the 
rVS conversion circuit shown in FIG. 1; 

[0039] FIG. 5 is a circuit diagram of an embodiment or the 
reception control circuit shown in FIG. 1; 

[0040] FIG. 6 is a circu it diagram of an emhod imeni of the 
S/P conversion circuit shown in FIG. 1; 

[0041] FIG. 7 is a time chart showing the operation of the 
transmission control circuit, P/S conversion circuit, recep- 
tion control circuit and S/P conversion circuit shown in FIG. 
1 and HG, 3 to FIG. 6; 

[0042] FIG, $ is a schematic block diagram of a configu- 
ration of a data communication apparatus according lo a 
second embodiment of the present invention; 
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[0043] KUm D is a sche malic lime chart of ihc dnia 
communication! apparatus shown in 111*, S; 

[0044] i0 is a circuit diagram of an embodiment of 

the im osmissiofj control circuit shown in K1G. ft; 

[0045] Kit;, tjl is a lime chart showing the operation of the 
transmission control circuil, P/S conversion circuit, rccop- 
lion control eirdiii and S/P conversion circuil shown in FIG. 
8 and UK!. 10;! 

[0046] 12 is a schematic block diagram or a con- 

figuration of a data communication apparatus according to a 
third embodiment of the present invention; 

[0047] F1C. 13 is a schemalic lime chart of the daia 
communication- apparatus shown in I'ICJ. 12; 

[004*] FIG. 14 is a circuit diagram or an embodiment of 
the transmission control circuit shown in VIC. 12; 

[0049] MG. 15 is a circuit diagram of an embodiment of 
the reception control circuit shown in FIG. 12; 

[0050] FIG. 115 is a circuit diagram of an embodiment of 
the S/P conversion circuil shown in FIG. 12; 

[0051] FIG. 17 is a time chart showing the operation of 
the transmission conlrol circuit, P/S conversion circuil, 
reception control circuh and S/P conversion circuit shown in 
FIG. 12 and FIG. 14 to FIG. 16; and 

[0052] FIG. 18 is a schematic block diagram of a con- 
figuration or a data communication apparatus according lo a 
fourth embodiment of the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0053] Below, preferred embodiments of the present 
invention will be described with reference to the accompa- 
nying; drawings: 

First Embodiment 

[0054] FIG. 1- is a schema lie block diagram of a configu- 
ration of a data communication apparatus according to a first 
embodiment Of the present invention. 

[0055] The dab communication apparatus 299 comprises 
a transmitting circuil 100, a receiving circuil 200, and signal 
lines 101 and 105. The transmitting circuit 100 and receiving 
circuil 200 are connected by tbc signal tines 101 and 105. 

[0056] The transmitting circuit 100 comprises a transmis- 
sion control circuit 110 and a parallel/Serial conversion 
circuit (P/S conversion circuil) 160, 

i 

[0057] The transmission control circuil 110 Ls input wilh a 
load signal TXt-D Cor P/S conversion a reference clock 
signal CKO and ja reset signal CLR 1:J X. 

[0058] This ttAnSmissioo control circuit 110 generates a 
ready signal REjY. In addition, it gcneralcs a clock signal 
SCK for serial data transmission and outputs the signal to tin: 
receiving circuit! 200 through the signal line 101, and gen- 
erates a clock signal PSCK for JP/S conversion and ontpu ts 
the signal to tbe P/S conversion circuil 160. 

[0059] The P/S conversion circutt 160 is input with par- 
allel data TXD0 to TXD7 (parallel data TXD0 to 7), the load 
signal TXLD for P/S conversion, and the clock signal PSCK 
for P/S conversion. 



[0060} This P/S conversion cin-nil 160 converts the par- 
allel data TXDO lo 7 lo -serial data and outputs the data io the 
receiving circuil 200 through Ihe signal line 105. 

[0061] Through the signal line 101, ihc clock signal SCK 
from the transmitting circuil 100 is sent io the receiving 
circuit 200. 

[0062] ilirough |hc signal line 105, the data transmitted 
from the transmitting circuit 100 corresponding to Ihe clock 
signal SCK is sent to the receiving circuit 200. The signal 
line 105 forms a serial transmission channel. Note that tbe 
difference of time delay between signal lines 101 and 105 is 
negligible compared with the pulse width of the clock signal 
SCK. 

[0063] The receiving circuit 200 comprises a reception 
control circuil 210 and a serial/parallel conversion circuit 
(S/P convention circuil) 260. 

[0064] Tbe rcceplioo control circuil 210 is inpui with 
transmitted data SD including serial daia and frame syn- 
chronization data, and & clock signal SCK for serial data 
transmission. 

[0065] This rcceplioo control circuil 210 gcneralcs a load 
signal RXLD for S/P conversion and outputs tbc signal to 
tbo S/P conversion circuil 260. 

£0066] The S/P conversion circuit 260 is input with tbe 
transmitted data SD including serial data and frame syn- 
chronization data, a clock signal SCK for serial data trans- 
mission, and a load signal RXLD Gar S/P conversion. 

[0067] Tbe S/P conversion circuil 260 converts the serial 
data in the transmitted data SD to parallel data RXD0 to 
RXD7 (parallel data RXDO to 7). 

[0068] FIG. 2 is a schematic time chart of tbe data 
communication apparatus 299 shown in FIG. L 

[0069] This rime chart shows that tbe last four bits (TXD 
4 to 7) in the transmitted data for one frame are sent in series, 
and in the interval from a to b, mat is, from a rising edge lo 
a next rising edge of tbc clock signal SCK, frame synchro- 
nisation data (end signal of frame) is transmitted, and tbc 
next frame transmission is started. In this example, the 
transmitted data SD is transmitted serially from the LSB sida 
(Least Significant USi). 

[0070] The frame synchronization data includes the 
inverted data JTXD7 or data T7CD7, and data TXD7 follow- 
ing this inverted data, 

[0071] The transmitting drcuil 100 in FIG. 1 synchro- 
nizes (he serial data with a falling edgts of the clock signal 
SCK. and sends the data to ihe receiving circuil 200. 

[0072] The receiving circuit 200 synchronizes tbe serial 
data with a rising edge of the clock signal SCK and stores 
the data in the shift register. In addition, in Ihc interval from 
a rising edge to a next rising edge of the dock signal SCK^ 
if the value of die iraosmitlcd data SD changes iwice or 
more, this part of data is recognized as the frame synchro- 
nization data representing the end of one frame. 

[0073] In FIG. 2, in the interval between a end b f the value 
oT the transmitted data SD changes twice, so the reception 
control circuil 210 designates this part as the frame syn- 
chronization data. 
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[0<r74] 'IncnJ the reception control circuit 1 10 generates a 
load signal RXI*D lor Ji/l> conversion. Based on the load 
signal kXM),|lhu S/l> conversion circuit 260 moves data 
stored in the shift roister lo the frame register and genera les 
parnlJc] d;ila RXD0 lo 7 lo restore Ihc parallel data TXDO to 
7. 

[0075] FIG. J is a circu it diagram of an embodiment of ihc 
transmission control circuit shown in FIG. 1. 

[0076] '1 riis transmission control circuit 1 1 0 includes logi- 
cal sum circuijs (OR circuit) 111 lo 117, D-iype flip-flop 
(Dl'T) 121 Ici 128, 132, Ul and 146, inversion circuiis(NOT 
circuit) 120, 142 and 147, a buffer 140, a logical multipli- 
cation circuit (AND circuit) 131, and a select circuit 130. 

[0077] One 6f l be inpms of each OR circuit among OR 
circuits 111 lo 117 is input with an output signal of a 
corresponding |DFF among DFF 322 to 12K, while tbc other 
input of each OR circuit is input with a load signal TXLD. 

[0078] The data input ID or eax4i DFF of OFF 121 to 128 
is input with an oulptil signal from a corresponding. OR 
circuit 111 to 117. 

[0079] In addition, the input D or DPI 7 125 in input with 
a load signal TXLD, 

[0080] The clock input CK of each DfF 121 to 12* is 
input with the joutput signal DIV4 of the DFF 144. 

[0081] The inversion circuit 120 inverts tbc output signal 
TX11 3> B of the DFF 131 and generates a ready signal RDY- 

[0083] The AND circuit 131 calculates the logical multi- 
plication of xhe inverted output signal of DFF 122 and the 
output signal TXIJ^B of Lhe DIT Hi, and outputs the 
result to DFF 132. 

i 

[0083] The dnta input of DFF 132 is input with the output 
signal of the AND circuit 131, and the clock input CK is 
input with an output signal of the inversion circuit 147. 

[0084] The input A of the select circuit 130 is input with 
the output signal DIV4 of DFF 146, the input B is input with 
the output signal XD1V2 of the inversion circuit 142, and the 
control terminal S is input with tbc output signal of DFF 132. 

[0065} When; the signal input to the control terminal S is 
at low level (or logical 0), the select circuit 130 selects the 
signal D1V4 tolirrput A, and outputs a signal D1V4 from toe 
output X as a clock signal PSCK. 

[0086] Wheujthc signal input to the control terminal S is 
at high level (or logical 1), the select circuit 130 selects the 
signal XDIY2 Supplied lo the input B, and outputs a signal 
XDIV2 as a clock signal PSCK from the output X. 

[0087] The dfcita input D of DFF 141 is input with ibe 
output signal XDTV2 of the inversion circuit 142, and the 
clock input CK is input with a clock signal CK0. 

[0088] DFF 141 inverts Ihc output signal JDIV2 and out- 
puts the same to the inversion circuit 142 and the DFF 146. 

[0089] The dkia input D of DFF 146 is input with a a 
output signal of the inversion circuit 147, and the clock input 
CK is input with the output Signal DIV2 of DFF 141. 

{00M] DFF 146 supplies the output signal DIV4 to the 
dock inputs CK of DFF 121 to 128, inversion circuit 147, 
and the input A of the select circuit 130. 



[0091] 'ITie inversion circuit 147 supplies ihe inverted 
signal of the output signal Dl V4 of DFF 146 to the input D 
of DFP 146, the clock input CK of DFF 132, and the buffer 
140. 

[0092] 'Die bulTer 140 outputs the output signal of the 
inversion circuit 147 as a clock signal SCK for serial data 
transmission. 

[0093] The reset terminals of DFF 121 lo 128, 132, 141 
and 146 arc input with the reset signal CI,R,^X, and if the 
reset signal CLR 1? R is at low level, |}FF 12 L to 128, 132, 
141 and 146 are reset. 

[0094] The DFF 141 and inversion circuit 142 form a 
dividing circuit, which generates signals DIY2 and XD1V2 
having periods two times that or Ibc clock signal CJCO. 

[0095] The DFF 146 and inversion circuit 147 form a 
dividing circuit, which generates a signal D1V4 of a period 
twice as much as signal DIV2- 

[0096] The select circuit 130 outputs the signal DIV4 as 
ibo Clock signal PSCK for transmission of serial data, and 
outputs the signal XDJV2 as the clock signal PSCK for 
transmission of frame synchronisation data. 

[0097] FIG. 4 is a circuit diagram of an embodiment of the 
P/S conversion circuit shown in FIG* 1. 

[0098] This P/S conversion circuit 160 includes a butler 
191, an inversion circuit 195, select circuits 170 to 179, and 
DFF 180 to 189, 

[0099} Ine bufler 191 supplies the control terminals 
(select control terminal) S of ibe 10 select circuits 170 lo 179 
with Ibe load signal TXLD. 

[0100] The inversion circuit 195 generates inverted data 
(inverted signal) /TXD7 of data TXD7, and outputs the data 
to the select circuit 178. 

[0101] Tbc input A of each select circuit 170 to 178 is 
input with an output signal of a corresponding DFF among 
DFF 181 lo 189, and the input A of the select circuit 179 is 
input with an output signal of DFF 189. 

[0102] The input B of each select circuit 170 to 177 is 
input with corresponding parallel data TXDO to 7. The input 
B of the select circuit 178 is input with the inverted data 
/TXD7, and the input B of the select circuit 179 is input with 
the data TXD7. 

[0103] Each data input D of DFF 180 to 189 is input with 
an output signal of a corresponding select circuit among the 
select circuit 170 lo 179, and the clock input f"TC is input 
with a clock signal PSCK for P/S conversion. 

[0104] DFF 180 outputs the transmitted data SD from the 
output Q io the signal line 105. 

[0105] In the P/S conversion circuit 160. when the load 
signal TXLD is at high level, the select circuits 170 lo 177 
select the parallel data TXDO to 7 and supply tbc same to 
DFF 180 to 187, the select circuit 176 outputs the inverted 
data /TXD7 to DFF 188, and the select circuit 179 outputs 
data TXD7 to DFF 189. 

[0106] Then, based on the clock signal PSCK, DFF 180 to 
189 latch data input to the data inputs D of DFF 180 to 189. 
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[0107] In the P/S conversion circuit 160. when iho loud 
signal TX1.D is ai low level, the select circuits 170 u> 177 
select the oulpul data (outpul signal) of DFF 181 lo 189 and 
supply ihe same to DIP ISO lo 188. 

[010*] Then, l>PI' 180 (o 189 latch dala input lo the dala 
inpul I) of Di'tf 180 lo 189 based on the clock signal PSOK, 
converts Ihe parallol data TXDO lo 7 lo serial dala, and 
outputs ihe transmitted data SO including the aforesaid 
atrial data, inverted data /TXD7 and daia TXD7 from DFF 
180. 'Ihe invcricd data /TXD7 and dala TXD7 are Ihc frame 

[0109] Jn this way, the Irunsmilling circuil 100 ie F?G» 1 
sends Ihc dock Signal SCK lo the rewiring circuit 200 
through ihc signaJ line 101, and .sends the serial dala SD lo 
Ihu receiving circuit 200 through the signal line 105. 

[OHO] The P/S conversion circuit 160 in ihc transmitting 
circuil 10O converts Ihe parallel dala TXO0 lo 7 oC one frame 
lo serial dala, synchronizes the serial dala wilh a Tailing edge 
of lb© clock signal SCK aqd transmits Ihc dala. Following 
the transmission of the serial data, the P/S conversion circuit 
160 transmit* Ihe frame synchronization data whose value 
changes N Limes (N is an integer col less lhan 2) in the 
interval from airisingedgo lo a new. rising edge of the clock 



signal SCK- 



\ 



[01U] FIG. 5 is a circuil diagram of an embodiment of the 
reception control circuit shown in FIG. 1. 

[0112] The reception control -circuit 210 includes buffers 
211, 213 id 216^ And 221, exclusive logical sum circuit (EOR 
circuit 212, logical multiplication circuit 222, logical sum 

circuits 223 and 217 and 218. 

i 

[0113] The buffer 211 buffers the transmitted dala SD from 
the signal line 105 lo delay the dala, and outputs the data lo 
the EOR drcint 212. 

[0114] Tbe EOR circuit 212 calculates ihc exclusive logi- 
cal sum of the output data of the buffer 211 and the 
transmitted data SD, and thereby detect the change of the 
value of the transmitted data SD. and outputs a pulse 
rcpresendng the detection result to the buffer 213. 

[0115] The buffers 213 to 216 are connected in series, and 
delay the pulsb representing the detection result of the 
change of the v^lue of the Input transmitted data SD by a 
predetermined jtimo period, and outputs the signal as aa 
output sign til SDP (dala pulse) by the buffer 216 lo the clock 
inputs CK of D f FF 217 and 218. 



[0116] The mlffer 
Ihu signal line ifol 
to the AND circuil 



221, buffers Ihc clock signal SCK from 
lo delay ihe signal, and outputs the signal 
222. 



[0117] The AKD circuil 222 calculates the logical multi- 
plication of Ibej inverted signal of ihe output signal of the 
buffer 221 and he clock signal SCK, and thereby detects a 
rising edge of the clock signal SCK, and outputs a pulse for 
ihe result to tbij OR circuit 223. 

[0118] The OR circuit 223 calculates the logical sum of 
the output signal of the AND circuil 222 and the load signal 
RXLD, generates a signal CLR 13 XR representing the nega- 
tion of the calculation result, and outputs the signal to Ihe 
res el icrminaJs of DFF 217 and 218. 



[0119] The data input I) of OKI* 217 isscl ui the high level 
supplied by ihc voltage VJJ nf the power supply. 

[0120] Tho data input D of DFF 218 is input wilh an 
output signal of DM 1 217. DM' 218 outputs Ihc load signal 
RXLD from iho oulpul Q. 

[0121] DM- 217 and 218 are reset al each rising edge of 
Ihe clock signal SCK. 

[0122] DM' 218 generates a high level load signal RXLD 
when Ihc level of the signal SOP becomes high twice or 
more (namely, Ihc value of the transmitted data changes 
twice or more) in the interval from a rising edge of the clock 
signa] SCK lo its next rising edge. 

[0123] HG. 6 is a circuil diagram of an embodiment of ibe 
S/P conversion circuit shown in FIG. 1. 

[0124] Ihis S/P coovciskiu circuit 260 includes buffers 
279 and 289, and DFP 270 lo 277 and 280 to 287. 

[0125] The buffer 279 generates a dock signal Nl from 
the clock signal SCK. and outputs the signal to Ibe clock 
inpuls CK of eight iDPP 270 lo 277. 

[0126] The buffer 289 generates a signal N3 from a load 
signal RXLD, and outputs the signal to the clock inpuls CK 
of eight DFF 280 lo 287. 

[0127] DFF 270 to 277 are cod nee led in series and form a 
shift register, 

[0126] The transmitted data SD is inpul to the data input 
D of DFF 277, and is latched in ihc order of DFF 277 to 270 
according to the clock signal Nl. 

[0129] The duia input D of each of DFF 280 lo 287 is input 
wilh the output dala of a corresponding one of DFF 270 to 
277. 

[0.130] DFF 280 to 287, which form a frame register and 
an output register, latch the output dala of DFF 270 to 277 
corresponding lO tbe load signal N3„ and convert the serial 
dala in the transmitted data SD lo parallel data RXD0 to 7. 

[0131] Id ihb way, ibe receiving circuit 200 in FIG* 1 
receives the clock signal SCK transmitted from ihe trans- 
mitting circuil 100 by the signal line 101, and receives, by 
the signal line 105, the serial data SD transmitted from tbe 
transmitting .circuit 200 after synchronizing with a railing 
edge of the dock signa] &CK- 

[0132] The reception control circuil 210 in the receiving 
circuit 200 generates a load signal RXLD wben tbe value of 
tho trans nulled data SD from ibe signal line 105 changes 
twice or more in the interval from a ristQg edge of tbe clock 
signal SCK to its next rising edge. 

[0133] the S/l* conversion circuil 260 latches ibv serial 
dala from the signal lice 105 at each rising edge of the clock 
signal SCK, and converts the latched serial data into parallel 
dala on the basis of the load signal RXLD. 

[0134] FIG. 7 is a Lime chart, showing Ibe operation of the 
transmission control circuil U0, P/S conversion circuit 160, 
reception control circuit 210 and S/P conversion circuit 260 
shown in FIG. 3 to FIG. 6. 

Second Embodiment 
[0135] FIG* 8 is a schematic block diagram of a configu- 
ration of a dala communication apparatus according to a 
second embodiment of the present invention. 
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[0136] The data communication jipparaluK 399 comprises 
a transmitting circuit 30O. a receiving circuit 200. unci signal 
linos 101 andjlOS. No|c lhal in the data communication 
circuit 399 in! FIG. 8, (he .same reference numerals arc 
assigned to blocks the same as in tbe data communication 
apparatus 299: of FIG. 1, and explanations of the same 
blocks arc suitably omitted. 

[0137] Tbe transmit ling circuit 300 comprises a transmis- 
sion control circuit 310 and a IVS conversion circuit 160. 
i 

[0138] The transmission control circuit 310 is input with a 
load signal TXLD for P/S convention,, a reference clock 
signal CKO and a reset signal CLR l3 X. 

[0139] nils transmission control circuit 310 generates a 
ready signal RDY. In addition, it generates a clock signal 
SCK for serial daLa transmission and outputs the signal to tbo 
receiving circuit 200, and generates a clock signal PSCK for 
1VS conversion: and outputs the signal to the P/S conversion 
circuit J 60. 

[0140] FIG. :9 is a schematic lime chart of the data 
communication apparatus 399 shown in FIG, 8, 

[0141] This rime chart shows lhal the last four bits (TXD 
4 lo 7) in the transmitted data corresponding to one frame are 
sent id series,! and in the interval from c to d, frame 
synchronization data is transmitted, and the next frame 
transmission is started. In this example, the transmitted data 
SD is sent serially from the LSB side. 

[0142] The transmitting circuit 300 in FIG. 8 synchro- 
nizes the serial data in the transmitted data SD with a tailing 
edge of the dock signal SCK and sends the data to the 
receiving circuit 200. 

[0143] When [transmitting the frame synchronization data, 
the transmitting circuit 300 expands the interval between 
two clock Signals SCK to make the period of tbc frame 
synchronization data (/TXD7 and TXD7) equal lo lhal of tbe 
serial data. 

[0144] As shown in the time chart of FIG. 9, when the 
Frame synchronization data changes, what tbe transmitting 
circuit 300 docs is to expand the intervals between signals in 
the time region: from c to d. 

i 

[0145] The receiving circuit 200 synchronizes the serial 
data in the transmitted data SD with a rising edge of tbe 
clock signal SC3KL and stores the data in the shift register. In 
addition, in the! interval between c and d, that is, from a 
rising edge to afnext rising edge of (he clock signal SCK, if 
the value of I hcj transmitted data SD changes twice or more, 
ibis change is jlctecled and this part is recognised as the 
rramo synchronization data. 

[0l4o] In Fid. 9, between the interval between c and d, 
the value of tbe! transmitted data SD changes at least twice, 
so the reception control circuit 210 detects this change and 
designates this Jiorrioo as tbe frame synchronization data. 

[0147] Then, (he reception control circuit 210 generates a 
load signal RXLD ibr S/P conversion. Based on the load 
signal RXLD, the S/P conversion circuit 260 moves data 
stored io the shift register lo the frame register and generates 
parallel data RXD0 to 7, and restores the parallel data TXD0 
lo 7. 



[0148] Flu. 10 is a circuit diagram o? an omhivJimcni of 
the transmission control circuit in FIG. 8. 

[0149] This transmission control circuit 3lfl includes logi- 
cal sum circuits (OR circuit) 311 lo 318 and 332, DFF 321 
to 329, inversion circuits (NOT circu it) 320 and 342. a buJTer 
345, logical multiplication circuits (AND circuit) 330 and 
340, tind ilip-flop (1-10331 and 341. 

[0150] Ono of tbo inputs of each OR circuits 311 to 318 Ls 
inpul wiib an output signal of a corresponding DFF among 
DI'T 321 lo 329, while the other inpul is supplied with a load 
signal TXIJ}. 

[0151] Ihc data input D of each DVT 321 lo 328 is input 
with an output signal from a corresponding one among the 
OR circuits 311 to 318. ]o addition, the data input Dof DI-T 
329 is inpul with a load signal TXLD. 

[0152] The clock inputs CK or DFF 321 to 329 are input 
with a clock signal OK0. 

[0153] The resnt terminals of DFF 321 lo 329 are input 
with Ihc reset signal CJLR J3 X. and when the reset signal 
CLRj 3 X is al low level, DFF 321 to 329 are reset. 

[0154] The inversion circuit 320 inverts the output signal 
of the DFF 321 and generates a ready signal RDY. 

[0155] The OR circuit 332 calculates the logical sum of 
the output signal of DFF 321 and the load signal TXLD, and 
outputs the result to TP 331. 

[0156] Tbo data inpul of FF 131 is input with the output 
signal oftho OR drcuil332, and the gate G is input with the 
clock signal CKO. 

[0157] When the gate G is at low level, from tbc ou tpni Q. 
FF 331 outputs the signal input to ihc data input D. 

[0158] When tbc gate G changes from the low level to the 
high level, FF 331 latches the signal inpul lo tbo data input 
D al the time of changing lo the high level, and outputs the 
latched data from the output Q until ibe gate G changes to 
the low level again. That is, the output signal of FF331 does 
not change when the clock signal CKO is al high level 

[0159] The AND tircoit 330 calculates the logical multi- 
plication or the output signal of FF 331 and the dock signal 
CK0 r and outputs the result as tbe clock signal PSCK. 

[0160} When the clock signal CKO is at low level, the 
AND circuit 330 generates a low level clock signal PSCK. 

[0161] Providing the FF 331 between the OR circuit 332 
and AND circuit 330 prevents the output signal PSCK of the 
AND circuit 330 from changing from the high level to ibe 
low level of when the clock signal CKO is at high lcvcL 

[0I62J The inversion circuit 342 generates an inverted 
signal of tbo clock signal CKO, and inputs the signal to FF 
341 and AND circuit 340. 

[0163] The data immi D Of FF 341 is input with the output 
signal of the DFF 322, and the gale G is input with an ou tpu t 
Signal of the inversion circuit 342- 

[0164] The AND circuit 340 calculates the logical multi- 
plication of the output signal of FF 341 and the output of tbe 
io version circuit 342, and outputs the result to the buffer 345. 
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[0165] Provision nf Fl ; 341 prevents Ibc oulpul signal of 
the AND circuit 344) from changing from Iho high level to 
Ibc kw level when the output signal of Ihc inversion circuit 
342 is a I high level. 

[0166] The buffer 345 genera les a clock signal SCK Tor 
serial data transmission from ihc oulpul signal of the ANI> 
circuit 340- . 

[0167] In Che: transmission control circuit 310 in KM?. 10, 
as a rcsull oT calculation of ihc logical multiplication of the 
output signal of OFV 322 ami Ihc inverted signal of Ihc clock 
signal CKO, when the P/S conversion circuil alters too 
Iransmilled data SD lo generate me frame synchronization 
data, the edge interval of ihc dock signal SCK is extended 
and Ihc pulse is thinned. 

[0168] The edge interval of the clock signal SCK is 
extended by the transmission conirol circuil 310 during 
transmission e>( ibe frame syocbronization data, and exceeds 
Ibc edge interval of (he clock signal SCK during transmis- 
sion of serja] dala_ 

[0169] Id this way, the transmitting circuil 300 in FIG. 8 
sends the clock signal SCK to the receiving circuit 200 by 
Ihc signal line 101, and sends ihc serial data to the recurving 
circuit 200 by the signal line 105. 

[0170] The pyS conversion circuit 160 in the transmitting 
circuit 300 converts the parallel data TXD0 to 7 fbr one 
frame to serial data, synchronizes the serial data with a 
falling edge of the clock signal SCK and transmits ft. 
Following the transmission of the serial dale, the P/S con- 
version circuil 160 transmits the frame sy nenro oiza lion data 
whose vahie changes N times (N Is an integer not less than 
2) in the interval from a rising edge to a next rising edge of 
the clock signal SCK. 

[0J 71] FIG. 11 is a time chart showing the operation of the 
bransmissioo control circuit 310. P/S conversion circuit 160, 
reception control circuil 210 and S/P conversion circuit 260 
shown in FIG.jS and FIG. 10. 

Third Embodiment 

l 

[0172] FIG. 12 is a schematic block diagram of a con- 
figuration of a data com muni cation apparatus according to a 
third embodiment of the present invention. 

[0173] The data communication apparatus 599 comprises 
a transmitting circuil 400, a receiving circuit 500. and signal 
lines 101 and 105. Note thai in the data communication 
circuil 599 in FIG. 12, the same reference numerals are 
assigned to blobks the same as in the dai* communication 
apparatus 299 &f FIG. 1, and explanations of these same 
bk>cks are suitably omitted. 

[0174] The transmitting circuit 400 comprises a transmis- 
sion control circuil 410 and a P/S conversion circuit 160. 

[0175] The triiDsmissioD control circuit 410 is input with a 
load signal TXjLD for P/S conversion, a reference clock 
signal CKO and; a reset signal Cl,K J3 X- 

[0176] This transmission control circuil 410 generates a 
ready signal ftPY In addition, it generates a clock signal 
SCKlbr serial data transmission and outputs the signal to the 
receiving circuil 500 through the signal line 101, and gen- 
erates a dock signal PSCK for P/S conversion and outputs 
the signal to die P/S conversion circuit 160. 



[0177] The F/S conversion circuit 160 is inpul with par- 
allel data TXD0 to 7 f the load signal TXI-D for P/S con- 
version, and the clock signal PSCK for P/S conversion. 

[0178] This P/S conversion circuit 160 converts the par- 
allel data TXD0 in 7 to serial dala and sends the data lo the 
receiving circuit 500 through the signal line 105. 

[0179] The receiving circuit 500 comprises a reception 
control circuit 510 and a S/P conversion circuit 560. 

[0180] The reception conirol circuit 510 is input with 
transmitted data SD from the signal line 105. and a clock 
signal SCK for serial dala transmission from the signal line 
10L 

[0181] This reception control circuil 510 generates a load 
signal RXLD for S/P conversion and outputs the signal to 
die S/P conversion circuil 560. 

[0182] Hue S/P conversion circuit 560 is input with the 
transmitted data SD, a clock signal SCK for serial data 
uansmlssion, and a load signal RXLD for S/P conversion. 

[0183] The S/P conversion circuil 560 converts Ibe serial 
dala in the transmitted data SD into parallel data IOC DO lo 
7. 

[0184] FIG. 13 is a schematic lime chart of the data 
communication apparatus 599 shown in FIG. 12. 

[0185] Tim time chart shows that ibe last four bits (TXD 
4 lo 7) in the transmitted data coirespondlng to one frame are 
sent in scries, and in the interval from e to £, frame 
synchronization data (/TXD 7 and 17CD7) are transmitted to 
start tbc next frame transmission. In lbs example, the 
transmitted data SD is iran=»miiitd serially from the LS13 
side. 

[0186] The transmitting circuit 400 transmits serial data to 
the receiving circuil 500 in synchronism with the edges of 
the dock signal SCK. 

[0187] When transmitting tbc frame synchronization data, 
Ibe transnutting circa it 4410 extends the edge interval of the 
clock signal SCK to thin the clock puke in the interval 
between e and f, and thereby a larger number of changes of 
the serial data are included in the interval from a Jailing edge 
to a rising edge of the clock signal SCK, and therefore this 
data can be defined as the frame synchronization data- 

[0188] In Synchronism with edges of ibe dock signal 
SCK, me receiving circuit 500 stores die serial data in the 
transmitted data SD in a shift register. In addition, in the 
interval from a rising edge to a next falling edge. Or from a 
falling edge to a next rising edge, of the clock signal SCK, 
if die value of the transmiltcd data SD changes twice or 
more, this change is detected and this portion of signal is 
recognized as ibe frame synchronization data. 

[0189] In FIG. 13, in the interval between e and f, the 
value of the transmitted data SD changes at least twice, so 
the reception control circuit 510 detects this change recog- 
nizes this portion as the frame synchronization dala. 

[0190] Then, the reception control circuit 510 generates a 
load signal ttXLD fbr S/P conversion. Based on the load 
Signal RXLD, ihc S/P conversion circuit 560 moves data 
stored in the shift register to the frame register and generates 
parallel data RXDO lo 7 Lo restore I he parallel data TXD0 to 
7. 
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[0191] FIG, 14 is a circuit diagram of an embodiment n|' 
the transmission control circuit in F!(i. 12. 

[0192] Inis transmission control circuit 410 includes lo£i~ 
cat sum circuits (OR circuit) 411 lo 4l« and 432, Oi l' 42l 
lo 429, inversion circuits (NOT circuit) 441, 442, and 444, 
buffers 435 and 443, a logical multiplication cinjuil (AND 
circuit) 430, and DFF 440. 

[0,193] One of ibc inputs of each OR circuit among OK 
circuits 411 lo 418 is input with an output signal of a 
corresponding DFF or DFF 422 io 429, while I be other input 
Ls inpul with ajload signal TXLD. 

[0194] The data input D of each DFF 421 to 428 is input 
with an output [signal from a corresponding one of the OR 
circuits 411 to 418. lo addition, the data input D of DFF 429 
is inpul with a^ioari signal TXT J), 
i 

[0195] The clock inputs CK of DFF 421 U> 429 urc input 
with a clock signal CKO. 

[0196] The reset terminal of OFF 421 lo 429 and 440 is 
inpul with the! reset signal CLR 13 X and when tbe reset 
signal <XR l3 X is at low level, DFF 421 to 429 and 440 arc 
reset. ' f 

[0197] The inversion circuit 420 inverts the output signal 
Of tbe DFF 421 and generates a ready signal RDY. 

[0198] The OR circuit 432 calculates tbe logical sum of 
the output signal of DFF 421 and the load signal TXLD, and 
outputs the result lo FF 431. 

[0J99] The data inpul of FF 431 is input with the output 
signal of the OR circuit 432, and the gate G is input with the 
clock signal CKO. 

i 

[0200] WhenPthe gal* G is at low level, FF 431 outputs the 
signal (data) input to tbe data input D from the output Q. 

[0201] When' the gale G en anges from the low level to tbe 
high level, FP 431 latches the signal input to the data input 
D at the rime of changing to the high level, and outputs the 
latched data from the output Q until the gale O changes to 
the low level again. That is, the output signal of FF 431 does 
pot change when the clock signal CKO is si high level. 

[0202] The AND circuit 430 calculates the logical multi- 
plication of ibclourput signal of FF 431 and the clock signal 
CKO, and outputs the result to the buffer 435. The buffer 435 
generates a clock signal PSCK from the output signal of the 

AND circuit 430. 

I 

[0203] When f the clock signal CKO is at low level, tbe 
AND circuit 4^0 generates a low level clock signal PSCK. 

[0204] Providing in 7 431 between the OR circuit 432 and 
the AND circuili 430 prevents tbe output signal of i\\u AND 
circuit 430 from changing from high level lo low level, wbco 
Ihe clock signal CKO is at high levol. 

[0205] The inversion circuit 444 generates an inverted 
signal of the clock signal CKO, and outputs ihe signal In Lbc 
buffer 443. Thcj buffer 443 outputs the output signal of the 
inversion circuit 444 to the clock input CK of DFF 440. 

[0206] The inversion circuit 442 inverts the output signal 
of DFF 422, and outputs the signal to the enable terminal EN 
of DFF 440. DFF 440 operates when the enable terminal EN 
is at low level, and locks tbe output Q to low level when the 
enable terminal is at high level 
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[0207] The inversion circuit 441 inverted Ihc output signal 
SCK ol' DFF 440 and inputs the signal tu the input D of DFF 
440. 

[0208] DFF 440 latches the output signal ol* the inversion 
circuit 441 on the basis of Ihc output signal of the buffer 443, 
and outputs the clock signal SCK for serial data trans-mission 
from the output Q. 

p!209] Ihe DFF 440 and inversion circuit 441 form a 
dividing circuit, which generates a signal SCK of a period 
twice that of Ibe signal CKO when the enable terminal in 
inpul a low levo! signal. 

[0210] In the transmission control circuit 410 in FIG. 14* 
as a result of using the (inverted signal ol) output signal of 
DFF 440 for au enable signal of DFF 440, 1 ho edge interval 
oft ho clock signal SCK is extended and the pulse is thinned 
when lbc P/S conversion circuit 160 alters too transmitted 
data SD and generates frame synchronization data- 

[0211] The transmission control circuit 410 extends the 
edge interval of the clock signal SCK during transmission of 
the frame synchronization data, even exceeding tho edge 
interval of the dock signal SCK during iTansmission of 
serial data. 

[0212] PIG- 15 is a circuit diagram of an embodiment of 
the reception control circuit shown in FIG. 12- 

[0213] Tbe reception control circuit 510 includes buffers 
511, 512 and 522, exclusive logical sum circuits (£OR 
circuit) 513 and 523, a logical Sum circuit 524, and DFF 514 
and 515. 

[0214] The buffer 511 outputs the transmitted data SD 
from tbe signal line 105 lo the buffer 512 and T20R circuit 
513- 

[0215] The EOR circuit 513 calculates the exclusive logi- 
cal sum of the output signals of the buffer 512 and 511. and 
outputs a signal (da La pulse) SDP representing the calcula- 
tion result to Ihe clock input CK of DFF 514 and 515. 

[0216] The buffer 512 and (be EOR drcuil 513 form a 
detection circuit for detecting the change of tho value of the 
transmitted dau SD. 

[0217] Tbe buffer 522 outputs tho clock signal SCK from 
the signal line 101 io Ihc EOR circuit 523. 

[0218] The EOR circuit 523 calculates the exclusive logi- 
cal sum of Lhe output signal of the buffer 522 and clock 
signal SCK. and outputs, the result to the OR circuit 524. 

[0219] The buffer 522 and the EOR circuit 523 form an 
eo^e detection circuit for delecting lhe rising and falling 
edges of ihu clock signal SCK. 

[0220] The OR circuit 524 calculates tbe logical sum of 
the output signal of tbe EOR circuit 523 and Ihe load signal 
RXUD, generates a signal CLR 13 XR representing the nega- 
tion of the calculation result, and outputs the signal to the 
reset terminals of DFF 514 and 515. 

[0221] The data input D of DFF 514 is locked to a high 
level supplied by the voliage VH of the power supply. 

[0222] The data input D of DFF 515 is Input with an 
output signal of DFF 514. DFF 515 outputs a load signal 
RXUD from the output Q. 
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[IK223] DI«T 5)14 and 515 arc reset ai cadi rising or foiling 
edge of the clock signal SUK. 

[(1224] Dl-T S15 generates a high level load signal KXI.D 
when the .signal S IDP becomes Ihc high level twice or more 
(namely, ihc transmitted da in changes Iwiue or more) in the 
interval from ah edge of Ihe clock signal SCK. to iis next 
edge. 

[0225] FIG. 16 is a circuit diagram or an embodiment or 
Ihc S/P conversion circuit shown in KICJ. 12. 

[0226] This S/P conversion circuit 560 include* buffers 
569, 579 and 5j89, an exclusive logical sum circuit (EOR 
circuit) 578, mpcI DVU 570 to 577 and 580 lo 587. 

[0227] The buffer 589 generate a signal N3 from a load 
signal RXLD. and outputs the signal N3 lo the clock inputs 
CK of DPK 580 to 587. 

[0228] The buffer 569 outputs the transmitted data SD to 
the data input D of DFF S77. 

[0229] The butter 579 outputs the dock signal SCK Lo the 
EOR circuit 57& 
I 

[0230] The EOR circuit 578 calculates the exclusive logi- 
cal sum of the [output signal of the buffer 579 and clock 
signal SCK, gepcralcs a signal Nl representing the calcu- 
lation result, aril outputs ibe signal Nl Lo ihc clock inputs 
CK of DtT 570 lo 577. 

[0231] The EOR circuit 57* and the buffer 579 form an 
edge detection circuit for delecting edges of the clock signal 
- SCK and oulputting a pulse ai each edgo of ibe clock signal 
SCK. 

[0232] DFF 570 to 577 arc connected hi series and form a 
shift register, j 

[0233] The data input D of DFF 577 is input with the 
transmitted data SO through the buffer 369, and the serial 
data in the transmitted data SD is latched in the order of DFF 
577 to 570 in synchronism with the clock signal Ni 

[0234] The da La input D of each of DFF 580 lo 587 is input 
with the ouipuL data of the corresponding DFF among DFF 
570 to 577. i 

[0235] DFF 580 lo 587, which form a frame register and 
an output register, latch tbc output data of DFF 570 to 577 
according to u>2f load signal N3, and convert the serial data 
in the transmitted daia SD into parallel data RXDO to 7. 

[0236] In this {way, the receiving circuit 500 in FIG. 12 
receives the clock signal SCK transmitted from the trans- 
mining circuit ^00 by the signal line 10], and receives the 
serial data SD transmit led from the transmitting circuit 400 
after synchronizing with edges of the clock signal SCK by 
Ihc signal line .11)5. 

[0237] The reception control circuit 510 in the receiving 
circuit 500 genehtes u load signal RXLD when the value of 
tbc transmitted data SD from the signal line 105 changes 
twice or more in tbo interval from a rising edge to a nem 
falling odge, or from a faffing edge to a next rising edge, of 
the clock signal 'SCK. 

{0238] The S/P conversion circuit 560 latches the serial 
data from the signal line 105 in Order at each edge of the 
clock signal SCK, and converts the latched serial data into 
parallel data on the basis of the load signal RXLJ). 



[0239] FIG, 17 is a lime chart shewing Ihe operation of 
the transmission control circuit 410, IVS convention circuit 
460, reception control circuit 510 and S/P conversion circuit 
560 shown in FIG. 12 and FIG. 14 lo FIG. 16. 

Fourth Embodiment 

[0240] In the above first to third embodiment descrip- 
tions arc made by laking as an example a case where y single 
signal line 105 was used for .serial data transmission. How- 
ever, a number of signal lines may also be used to transmit 
serial data in parallel. 

[0241] In thus case, in one of the above signal lines, the 
frame synchronisation data is identified by detecting Iwo or 
more changes of the transmitted data SD in an interval from 
an edge to a next edge of the clock signal SCK. 

[0242] Further, in the rest signal lines, by delecting two or 
more changes of the transmitted data SD in the same 
interval, it is possible Lo transmit additional da la to Ihe frame 
synchronization data. The additional dala may include parity 
data for checking errors in data and check sum data, and so 
on. 

[0243] FIG. 18 Is a schematic block diagram of a con- 
figuration of n data communication apparatus according to a 
fourth embodiment of the present invention. 

[0244] The data communication apparatus 799 comprises 
a transmitting circuit 600, a receiving circuit 700, and *ign*l 
lines 101 and 105 to 107. The transmitting circuit 600 and 
receiving circuit 700 are connected by the signal lines 101 
and 105 to 107. 

[0245] The transmitting circuit 600 comprises a transmis- 
sion control circuit 610 and P/S conversion entails 160 lo 
162. 

[0246] The transmission control circuit 610 is input with a 
load signal TXUD for P/S conversion, a reference clock 
signal CK0 and a reset signal CLR J3 X. 

[0247] This transmission control circuit 610 generates a 
ready signal RDY. In addition, it generates a clock signal 
SCK for serial data Transmission and outputs the signal to the 
receiving decuil 700 through the signal line 101, and gen- 
erates a clock signal PSCK for P/S conversion and outputs 
the signal to tbc P/S conveision circuits 160 lo 162. 

[0248] Tnc P/S conversion circuit 160 is input with par- 
allel data TXD0 Lo 7, tbo load signal TXID for P/S con- 
version, and the clock signal PSCK, 

[0249] This P/S conversion circuit 160 converts Ihe par- 
allel data TXD0 to 7 lo serial data and outputs ibo data to the 
receiving circuit 700 through the signal line 105. 

[0250] The P/S convcrsi<m circuit 161 is input with par- 
allel data TXD10 to 17, the load signal TXLD for P/S 
conversion, and the clock signal PSCK. 

[0251] This P/S conversion circuit 161 converts the par- 
allel data TXD10 to 17 to serial dala and outputs the data to 
the receiving circuit 700 through the signal line 106. 

[0252] The P/S conversion circuit J 62 is input with par- 
allel data 1XD20 lo 27, the load signal TXLD for P/S 
conversion, and the clock signal PSCK. 
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[11253] This I'/S conversion circuit 162 converts the par- 
allel daia TXD20 to 27 lo serial data and ouipuis the clnia In 
Ibc receiving crrcuii 700 through the signal line 107. 

[0254] The In* emission control circuit 610 has the fune- 
iu>n* of the transmission control circuit 110, and further has 
the function of controlling Ihu PAS conversion circuits 160 lo 
162 .so that frame synchronic lino data is transmitted 
through the signal line 105 of ibc fci&nal lines 105 to .107 
while Selectively iransmilted through the rest signal lines 
106 and 107. j 

[0255] For example, the IVS conversion circuits 161 and 
162 each have similar configuration as ihc P/S conversion 
circuit 160, nod Lbc transmission omirol cinmii 610 can 
replace the data] input to the input I* of Ihu scluci circuit 17K 
in the Pys conversion eireuil 160 wiih ciiher data TXD7 or 
Ihc inverted data /TX07. 

[0256] Through the signal line 101, the clock signal SCK 
is Iransmiticd 'from the transmitting circuit 600 to the 
receiving circuit 700. 

[0257] Through the signal line 105 to 107. the serial data 
is transmitted from the transmitting circuit 600 to the 
receiving circuit 700 in synchronism with the clock signal 
SCK. Hach of' signal lines 105 to 107 forms a serial 
transmission channel. Note tiat Ihc differences of ihc lengths 
of the signal lines 101 and 105 to 107, namely, differences 
of transmission time delays are desirably negligible in 
comparison wiih the pulse width of the clock signal SCK- 

[0258] The receiving circuit 700 comprises a reception 
control circuit 710 and S/P conversion circuits 260 to 262 
which have ihe;same con figuration. 

[0259] The reception control circuit 710 is input with ihc 
transmitted daiaF.SD, 5D1 and SD2 including serial data and 
frame synchronization data, and a clock signal SCK Tor 

serial data transmission. 

i 

[0260] Tbc reception control circuit 71 0 has the functions 
of the reception control circuit 210, and further has functions 
of generating a, load signal RXLD lo supply the S/P con- 
version circuits &60 to 262, detecting frame synchronization 
data of the signal lines 105 to 107 add outpuiting additional 
data DT. \ 

[0261] For example, when the transmitted data SD from 
the signal line 105 changes twice or more in the aforesaid 
interval from a tp b> the reception control circuit 710 detects 
if the data SU1> and 5D2 from signal lines 106 and 107 
change twice orjmore in the same interval, and based on the 
deteeiinn result J additional data DT is oulpm. 

[0262] The S/P conversion circuit 260 is input with a clock 
signal SCK, a l^ad signal RXU), and the iransmilted data 
SD including serial data and frame synchronization data 
from the P/S conversion circuit 160. 

[0263] 'flie S/f conversion circuit 260 converts the serial 
data in the transmitted data SD into parallel data RXD0 lo 

7. 

(0264] The S/P conversion circuit 261 is input with the 
clock signal SCK, load signal RXLD, and the transmit led 
data SD1 including serial data and frame synchronuatioo 
data from the P/S conversion circuit 161. 
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[026S] The S/P conversion circuit 261 converts the serial 
daia in the transmitted data SIM into parallel data KXDI0 to 
17. 

[0266] The S/P conversion circun 262 is input wiih the 
clock signal SCK. load signal RXIT), and the transmitted 
data SD2 including serial data and frame synchronization 
data from the P/S conversion circuit 162. 

[0267] The 5/P conversion circuit 262 converts the serial 
data in the iransmilted data SD2 into paratlol daia KXD2Q io 
27. 

[I)26*t] The data communication apparatus 799 shown in 
FTC 18 employs the configuration of the data communica- 
tion apparatus 299 shown in FIG. t, but it may also employ 
the configuration of the apparatus 399 shown in FIG. H, or 
(be apparatus 299 shown in FIG. 12. 

[0269] In the above embodiments, one frame consists of 
eight bits, resulting in a simple configuration, but it can be 
easily expanded lo other bit lengths. 

[0270] Further, in large scale integrated circuit* (1ST) 
fabricated at 0.25 ?m process rule, Ihc serial data transmis- 
sion rate can reach 1 Obit/sec per signal transmission line. 

[0271] As described above, in data communication appa- 
ratuses 299, 399, 599 and 799, frame synchronization in 
serial daU transmission can be carded out using simple 
circuits, furthermore, in a shorter time- 

[0272] In daia communication apparatus 399, the trans- 
mitted data used as frame synchronization data can have a 
variation period the same as or shorter than the variation 
period or data during serial data transmission, so lbc data 
transmission rale can be raised, and me frequency band- 
width of a signal line can be effectively utilized. 

[0273] In the data communication apparatus 599, the 
transmission rate can be raised twice as much as that of the 
data communication apparatus 299 ai a same clock fre- 
quency. In addition, the clock frequency can be reduced by 
half at a same transmission rate, so the electric power 
consumption and/or nodesired electromagnetic radiation can 
be lowered. 

[0274] In data communication apparatuses 299, 399, 599 
and 799, because data is transmitted without encoding and 
modulation, and a signal line is provided exclusively for 
dock signals, it is easy to increase only signal lines for serial 
data transmission. 

[0275] Further, the amount of iransmilted data can be 
increased in proportion to the increment of signal lines for 
serial data transmission, and increase of circuits for frame 
synchronization can be suppressed, 

[0276] Tot? data commumcauon apparatus 799 enables 
transmission and reception of additional data during detec- 
tion of frame synchronization. 

[0277] While the invention has been described wiih ref- 
erence to specific embodiments chosen for purpose of illus- 
tration, it should be apparent that the present invention is not 
limited to ihese embodiments. Numerous modifications 
could be made thereto by those skilled in the art without 
departing from the basic concept and scope of the invention. 

[0278] Hie synchronization data described in the above 
embodiments axe generated in different ways. In the first 
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5. A iTiin*mitiiiu» circuit as sci forth in claim X wherein 

when said synchronization tlatu is superposed and trans- 
milled by said dola trarwmillingcireuil, the cycle Icnglh 
of said clock signal is extended, and thereby said 
synchronization data generating circuit generates syn- 
chronr/alion data vvho^c value changes two or more 
limes in the extended cycle of the clock signal; and 
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embodiment, toe synchronization data arc generated by 
changing a signal several limes within a cycle of a clock 
signal having a.lixcd cycle length. In the second and third 
embcxIimcnLs the synchronization data are generated hy 
extending the cycle length of a clock signal or the length of 
the low level s6 thai a signal changes several times in Ihis 
extended cycle pr in the extended period of the low level. 

[0279] However, the method Tor generating synchroniza- 
tion data, more specifically, the region in which a number or 
changes or a signal are delected, and the method to generate 
&uch a signal, aire not limited w ibese cases, 

[(1280] Rir example, a number of cha nges* of a signal may 
occur in the period of the high level of a clock signal. 

[0281] In addition, with the period of the clock signal 
fixed, a signal njay change several limes in the period of the 
low level or high level of a clock signal. 

[(1282] Further, for data changing in a numbor of cycles of 
a clock signal* data signal may he made to change several 
times using the Jnuraber of cycles as a Unit. 

[02K3] Summarizing the effects of the present invention, 
according to data communicaiioo apparatus related to the 
present Invention, frame synchronization in serial daw trans- 
mission can be darried out using simple circuits and quickly. 

£02ti4] As described above, according to the present 
invention, there can be provided a data communication 
apparatus of a new configuration able to transmit data while 
carrying out frame synchronization, and a transmitting cir- 
cuit and a method thereof and a receiving circuit and a 
method thereof that abb to be used in tbe daU communi- 
cation apparatus. 

What is claimed is: 

1. A transmitting circuit comprising 

a clocJtsignaJiu^iwmnUmBcircuii for transmitting a clock 
signal through a firsL signal line; 

a synchronization data generating circuit for generating 
synchronization data which represents a delimiter of 
serial data being transmitted of a predetermined unit 
length, and 'whose value changes two or more limes in 
a predetermined time interval associated with the clock 
signal; audi 

a data transmitting circuit for superposing the generated 
syncbrantzJiion data on each serial data of tbe unit 
length and [for synchronizing the serial data with the 
clock signal and transmitting tbe serial data through a 
second signal line. 

2. A transmitting circuit asset forth in claim 1, wherein > 
as said synchronization data, said synchroni7aiion d»la 
generating circuit generates a set of data including inverted 
data of the last data of said unit-length serial data, and the 
last data after the inverted data, 

3. A transmit uW circuit as set forth in claim 1, wherein, 
as said synchronization data, said synchronization data 
generating circuFt generates data whose value changes two 
or more times in] one cycle of said clock sxgpajL 

4. A transmitting circuit as set forth in claim 3, wherein, 
when serial data synchronized with a clock signal is trans- 
mitted by said data transmitting circuit, as said synchroni- 
zation data, said synchronization data generating circuit 
generates data whose value changes two or more times in 
one cycle of the clock signal. 



said clock signal transmiuing circuit generate* said clock 
signal of an extended cycle length when said synchro- 
nization data is superposed and transmitted. 

6. A iransmitling circuit as sol forth in claim J. wherein* 
as said synchronization data, Kaid synchronization data 
generating circuit generates data whose value changes two 
or more limes within a period in which the level of the clock 
signal is constant, mat is, from a rising edge to a next falling 
edge, or from a falling edge to a next rising edge of said 
clock signal. 

7. A transmitting circuit as set forth in claim 6, wherein, 
when serial data synchronized with a clock signal is trans- 
milted by said data transmitting circuit, as said synchroni- 
zation data, said synchronization data generating circuit 
generates data whose value changes two or more times 
within said period in which the level of the clock signal is 
constant. 

8. A transmitting circuit as set forth in claim 6, wherein 



said clock signal transmitting circuit generates said clock 
signal of an extended length of a constant level when 
said synchronization data Is superposed and transmit- 
ted. 

9- A transmitting circuit as set form in claim 1, further 
comprising a parallel-serial converting circuit for converting 
parallel data being transmitted to serial data, wherein 

said ^ynchzonizalioQ data generating circuit generates 
synchronization data representing a delimiter of the 
converted serial data of a predetermined unit length; 

said data transmitting circuit transmits the converted 
serial data. 

10. A method of transmission comprising steps o£ 

transmitting a clock signal through a first signal line; 

generating synchronization dm a which represents a 
delimiter of serial data being transmitted of a prede- 
termined unh length, and whose value ebanges two or 
more times in a predetermined lime interval associated 
with the clock signal; and 

superposing the genera ted synchronizatioD data on each 
unit-length serial data, synchronizing tbe serial data 
with the clock signal and transmitting the Serial data 
through a second signal line, 

11. A receiving circuit comprising 

a clock signal receiving circuit for receiving a clock signal 
transmitted through a first signal line; 



when said synchronization data is superposed and trans- 
mitted by said data transmitting circuit, the length of a 
constant level of said clock signal is extended, and 
thereby said synchronization data generating circuit 
generates synchronization data whose value changes 
two or more times in the extended period of a constant 
level of the clock signal; and 
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a serial chin' receiving circuit |"nr receiving xcrial dam 
synebronr/ed wilh the cluck signal and transmit led 
through a second signal line; 

a synchronization data detection circuit tor delecting data 
from Ihe received serial data and using Ihe same as 
synchronization data, said data changing its value two 
or more times within a predetermined period associated 
with tbc received clock signal; and 

a daia processing circuit Tor detecting the predetermined 
unit length of the received serial data by using ihe 
detected synchronic tion daia as a delimiter. 
O. A rccetvipg circuit as suit r«nh in claim 1J 8 wherein 
said data processing circuit converts said received serial data 
of said detected^ predetermined unit length lo parallel data. 

13. A receiving circuit as set forth in cbim 11, wherein 

when »aid synchronization data detection circuit dc looted 
a set or data including ihe ihsl received serial data, 
inverted daia of the firs* received serial data after that, 
and again the tirst received serial data after I be inverted 
data, the inverted daia and further the first daia there* 
after is used as said synchronization data; and 

said data processing circuit delects data of a predeter- 
mined unit 'length with the first data as the last data of 
the received serial data of the predetermined unit 
length. | 

14. A reviving circuit as set forth in claim Jl» wherein, 
a* said synchronization data, said synchronifcauon data 
detection circuit detects data whose value changes, two or 
more tiroes in a>cycie of said clock signal 

15. A receiving circuit as set forth in claim 1J, wherein, 
as said synchronization data, said synchronization daia 
detection circuit, detects data whose value changes two or 
more limes within a period in which the level of said Clock 
signal is constant, thai is, from a rising edge to a next railing 
edge, or from a falling edge to a next rising edge of the clock 
signal. I 

16. A method 'of reception comprising the steps ofc 

receiving a clock signal transmitted through a first signal 
line; i 

receiving serial data synchronized with the clock signal 
and transmitted through a second signal line; 

detecting data! from the received serial data as synchro- 
nization data, said data changing its value two or more 
times within; a predetermined period associated with the 
received clock signal; and 

detecting the predetermined unit length of the received 
serial daia Hy using Ihe delected synchronization data 
as a dclimiitr- 

17. A data communication apparatus comprising 
p transmitting j^irc ujt including 

a clock signal transmitting circuit for transmitting a 
clock signal through a first signal line; 

a synchroni&lion data generating circuit for generating 
synchronization data which represents a delimiter of 
serial data being transmitted of a predetermined unit 
length, and whose value changes two or more times 
in a predetermined time interval associated with the 
clock signal; and 
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m data I ransmilling circuit fur superposing the generated 
synchronization data on each serial data of the unit 
length and lor synchronizing the serial data with the 
clock signut and transmitting the serial data, and 

a receiving circuit including 

a clock signal receiving circuit for receiving a dock 
signal iraasmilied through a lirsi signal line; 

a serial data receiving circuit for receiving serial data 
.synchroni'/ed with Lhc clock signal and traoHmiucd 
through a second signal line; 

a synchronization data detection circuit for delecting 
data from the received serial data as synchrxmizalion 
daia, said data changing its value two or more times 
Wit bin a predetermined period associated with the 
received dock signal; and 

a data processing circuit for detecting the predeter- 
mined unit loogih of the received serial data as a 
delimiter of the detected synch ronizaiion data. 
IS- A data communication apparatus as set forth in claim 
17, wherein 

as said synchronization data, said synchronization data 
generating circuit of said transmitting circuit generates 
a set of data including inverted data of the last data of 
said unit-length serial data, and the last data after the 
inverted data, and 

when said synchronization data detection circuit of said 
receiving circuit detected a set of data including the 
first received serial data, the Inverted data of the flrsi 
received serial data thereafter, and again the Jjrsi 
received serial data after the inverted data, the inverted 
data and the first data thereafter is recognized as said 
synchronization data; and 

said data processing circuit delects data of a predeter- 
mined unit length with ihe first data as the last data of- 
the received serial data of the predetermined unit 
length. 

19. A da la communication apparatus as set forth in claim 
17, wherein 

as said synchronization data, said synchronization data 
generating circuit of said trajJsmUuijg circuit generates 
data whose value changes two or more times in one 
cycle of said clock signal, 

as the synchronization data, said synchronization data 
detection circuit of said receiving circuit detects data 
whose value changes two or more times in one cycle of 
the clock signal. 

20. A data communication apparatus as sei forth in claim 
19, wherein, when synchronized serial data is transmitted by 
said data transmitting circuit, as said synchronization data, 
said synchronization data generating circuit of said trans- 
mitting circuit generates data whose value changes two or 
more limes in one cycle of a clock signal. 

21. A data communication apparatus as set forth in claim 
19, wherein, 

when said Synchromzabon data is superposed and trans- 
mitted by said data transmitting circuit, the cycle length 
Of said clock signal is extended, and thereby said 
synchronization data generating circuit of said Irans- 
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mining eirfnjii generates synchmni/iition data whose 
value chants iwo or more limus in the extended cycle 
of ihe clock .signal; and 

said clock signal transmitting circuit of ihe transmitting 
Circuit generates the eloek signal of an extended cycle 
length when .said synchronization data is superposed 
and transmitted. 

22. A data com munica lion appa/ajus as set fartl) in claim 
17, wherein, j 

as said synchronization data, said synchronization data 
generating circuit of said transmitting circuit generates 
data whoscjvaluc changes two or mwe limes within a 
period in Which the level of said clock signal f s con^ 
Stanl, lhal is, from a rising edge it) ;i nuxi lulling edge, 
or from a falling edge to a next rising edge nf ihe clock 
signal; j 

as said synchronization dala. said synchronization data 
delation circuit of said receiving circuil detects dala 
whose valud changes two or more time* within a period 
in which the level of said dock signal Is constant, that 
is, from a rising cc^ge to a next falling edge, or from a 
felling edge. lo a next rising edge of ihe clock signal. 

23. A data communication apparatus as set Torlh in claim 
22, wherem wheg synchronized serial data is transmitted by 
said data transmuting circuit, as said synchronization data, 
Said synchtomzaiion data generating circuit or said trans- 
mitling ciitmii generates data whose value changes two or 
more tunes within said period in which the level of a clock 
signal is constant. 

24. A data cnoWinicatioo apparatus as set forth in claim 
22, Wherein 
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when said synchronization dala Is superposed and Iruns- 
milied by said dala transmitting circuit, the length or a 
constant level of said clock signal is extended, and 
diereby said synchronization dala generating circuit of 
the transmitting circuit generates synchronization dala 
whose value changes two or more times in the extended 
cycle of the c]tx:k signal; and 

said clock signal transmitting circuit of ihe iransmiuing 
circuit generates the dock signal of an extended length 
Of a constant level when said synchronization data is 
superposed and transmitted. 

25. A dala communication apparatus as set forth in claim 
7, 

said transmitting circuit further comprising a parallel- 
serial converting circuit for convening parallel dala 
being transmitted to serial data, wherein 

said synchronizaiion data generating circuit of ihe trans- 
milling circuit generates synchronizaiion data repre- 
senting a delimiter of the converted serial dala or a 
predetermined unit length; 

said data transmitting circuit of the transmitting circuit 
transmits the converted serial data, 

said dala processing circuit of said receiving circuit 
converts said received serial data of said detected 
predetermined unit length to parallel data. 

***** 
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